Background: It remains controversial if dairy product intake is associated with risk of stroke. Limited information is available from Middle East countries in this regard. This case-control study was conducted to assess the relationship between dairy consumption and risk of stroke in Iranian adults. Methods: In this study, 195 stroke patients (recognized based on clinical findings and computed tomography scan) hospitalized in neurology ward of Alzahra University Hospital were enrolled. Controls (n = 195) were selected with convenience nonrandom sampling procedure from other wards of this hospital. A validated food frequency questionnaire was used to assess participants' usual dietary intakes. Data on other variables were collected by the use of questionnaires. Results: Patients with stroke were older (P < 0.001), had lower weight and body mass index (P < 0.05) and were more likely to be male (P < 0.05) and less likely to be obese (P < 0.001). After adjustment for age, sex and total energy intake, Individuals with the highest consumption of low-fat dairy had a significantly decreased risk of stroke (odds ratio [OR]: 0.58; 95% of confidence interval [CI]: 0.34-0.99), while those with the highest intake of high-fat dairy had a 2-fold increased risk of stroke. The association between high-fat dairy consumption and stroke even persisted after additional adjustments for physical activity, smoking and dietary variables (OR: 2.02; 95% CI: 1.02-4.02); but the association between low-fat dairy intake and stroke disappeared after these adjustments (OR: 0.84; 95% CI: 0.44-1.58). Conclusions: We found a significant positive association between high-fat dairy consumption and risk of stroke. Further prospective studies are required to confirm this finding.
INTRODUCTION
Stroke is a main cause of death in developed countries, and it is expected to become a rising health problem in developing countries as well. [1] The reported incidence of stroke in Iran is higher than in some Western societies (139/100,000). [2] Recognition of risk factors may have a significant role in preventing the incidence of stroke. [3] Diet has long been considered as a main contributing factor to the incidence of stroke. [4] It has been well-established that intake of high dietary cholesterol and saturated fatty acid (SFA) would result in higher risk of stroke, [5] while dietary intake of calcium and potassium have been associated with lower risk. [6] Both prospective studies [7, 8] and controlled trials [9, 10] have shown an inverse association between milk and dairy consumption and stroke, but not consistently. [6, 11, 12] On the other hand, a meta-analysis of cohort studies on milk and cardiovascular disease risk have suggested that milk drinking might be associated with a small but worthwhile reduction in heart disease and stroke risk. [13] In the Middle-Eastern countries the incidence of stroke occurs in younger ages than that in western societies. Thus, this study aimed to assess the relationship between dairy consumption and stroke in Iranian adults.
METHODS

Participants
This case-control study was conducted in Alzahra University Hospital. Totally, 195 cases and 195 controls with convenience nonrandom sampling procedure participated in this study. We tried to match cases and control in terms of sex and age; however, due to having difficulties getting enough patients in the hospital, we were not successful in doing this. Written informed consent was obtained from each participant.
Assessment of dietary intake
Usual dietary intakes of participants in both groups were assessed using a food frequency questionnaire (FFQ) containing 168 food items usually consumed by Iranians. [14] Low-fat dairy (<2.5%) intakes were defined as consumption of skim milk, low-fat milk, and low-fat yogurt. High-fat dairy category was computed by summing up dietary intakes of high-fat milk, cocoa milk, chocolate milk, regular yogurt, condensed yogurt, and cheese. Total dairy consumption was calculated by summing up the consumption of these dairy items.
Assessment of stroke
Patients aged >45 years with first ever symptomatic acute stroke (arterial) confirmed by brain computed tomography or magnetic resonance imaging were included. Ischemic stroke was defined as an episode of focal neurologic deficit with acute onset due to a vascular cause and lasting more than 24 h. [15] The study protocol was approved by local Ethics Review Committee (No. 187028 IUMS).
Statistical methods
Independent samples Student's t-test or Chi-square test were used for comparing variables among cases and controls. General characteristics and dietary intakes of participants across tertiles of dairy intake were compared by the use of analysis of variance, Chi-square and analysis of covariance, where appropriate. To explore the associations between dairy intake and stroke, we applied logistic regression method in different models. The overall trend across tertiles of dairy consumption was examined through the use of Mantel-Haenszel extension Chi-square test.
RESULTS
Patients with stroke were older (P < 0.001), had lower weight and body mass index (BMI) (P < 0.05) and were more likely to be male (P < 0.05) and less likely to be obese (P < 0.001) [ Table 1 ]. There were significantly differences in dietary intake of high-fat dairy, low-fat dairy, fruits, pulses and nonhydrogenated vegetable oils (non-HVOs) between cases and controls. High consumption of total dairy was significantly associated with higher intakes of total energy, fruits and vegetables [ Table 2 ]. Individuals in the highest category of high-fat dairy consumption had lower age, were more likely to be male and less likely to be obese [ Table 3 ].
Multivariate associations between total-, high-and low-fat dairy consumption and stroke are indicated Obtained by the use of student t-test and Chi-square, where appropriate. SE=Standard error, BMI=Body mass index, MET=Metabolic equivalent of task in Table 4 . In crude model, no significant associations were found between consumption of total-, high-or low-fat dairy with the stroke risk. After adjustment for age, sex and total energy intake, individuals with the The association between high-fat dairy consumption and stroke even persisted after additional adjustment for dietary intake (including, meat, fruit, vegetable, pulses, non-HVO, HVO, nuts and grains); however, further adjustment for BMI made the association disappeared, indicating an obesity-dependent association between high-fat dairy intake and risk of stroke.
DISCUSSION
In this case-control study, we found a significant positive association between high-fat dairy consumption and risk of stroke among Iranian adult population. The associations persisted in multivariate models adjusting for potential confounders; however, after further control for BMI the associations disappeared, indicating an obesity-dependent association between high-fat dairy intake and stroke.
High consumption of dairy fat, due to its saturated fat content, positively and dietary calcium intake negatively are associated with the stroke. [5, 6] It must be kept in mind that besides fat content, dairy consumption would result in several nutrients intake which, in turn, might play different roles in the development of stroke. Several studies have reported the association of dairy consumption and risk of stroke albeit with inconsistent results. Some studies [16, 17] have demonstrated that dairy's fatty acids are associated with greater risk of stroke. However, an inverse association between dairy intake, stroke and vascular disease has been documented by other studies. [7, 12, 18] In this study, the association between low-fat dairy intake and stroke did not persist after controlling all potential variables. Larsson et al. [19] have also reported no significant association between either total-or low-dairy consumption and stroke. Such findings have also been reached in other studies. [11] In contrast, some studies have suggested an inverse association between total dairy intake and risk of stroke. [6, 8] Different findings might be explained by study designs, control for confounders and different sample sizes. The differences in dietary calcium intake might also provide additional reason for conflicting findings. In addition, these studies varied in terms of population characteristics, dietary assessment methods, which may explain the inconsistencies.
Milk, yoghurt and cheese are the most common dairy products which are consumed in Iran. Although consumption of traditionally full-fat dairy products is common, consumption of low fat dairy products has recently given particular attention. [20] Consumption of dairy products, especially high-fat choices, as a Table 4 : Multivariable-adjusted OR and 95% CI for stroke across tertiles of total-, low-and high-fat dairy consumption Stroke Crude contributing risk factor for coronary disease and stroke has been doubtful. [21] Several mechanisms have been stated to explain the logic behind this hypothesis. The first nutrient to be blamed in high-fat dairy products is high amounts of SFAs which have long been identified as a risk factor for coronary artery disease and stroke. Based on this hypothesis, authorities have recommended the use of skim or low-fat dairy. [21] Some studies have also expressed the high dietary calcium content of dairy products as a risk factor for arterial calcification and myocardial ischemia. [22] Other investigators believe that consumption of dairy products would result in lowering blood pressure and reduces risk of stroke, due to their high calcium content. [6, 8, 23] However, another study showed no association between stroke and total calcium intake. [24] Furthermore, calcium could reduce platelet aggregation and total cholesterol levels via creating insoluble complexes with fatty acids and decreasing fatty acids absorption. [6] Moreover people who choose to drink low-fat milks, always pay attention to other healthy behavior and these factors may be responsible for their health situation. Not all of these factors are known and removable so they could be responsible for biases.
Several limitations should be considered in interpreting the findings of this study. The major one is the case-control design of the study which would prohibit causal inferences. Another limitation was the lack of estimation of nutrient intakes in the current study; because there is no specific food composition table for Iranian foods. Also, the study was a hospital-based case-control, not a community-based; therefore, controls might not be representative of the general population. Total number of population in the study was relatively small, which might reduce statistical power. Possible misclassifications of participants due to using FFQ for assessing dietary intakes, which increase the risk of recall bias, should also be considered. This is particularly relevant for inclusion of cheese and other dairy products in the same category. Unfortunately, our database did not include fat intake contributed from dairy products and it just had a variable on total fat intake. It must also be taken into account that the controls were not strictly matched to cases and several differences between these two groups might contribute to the associations reported. Finally, known lifestyle variables associated with dairy consumption were controlled; however, residual confounding of other variables, such as intake of medicine and socioeconomic status, was inevitable.
CONCLUSIONS
Given the aforementioned limitations, we have found evidence indicating a marginally significant positive association between high-fat dairy consumption and the risk of stroke. However, this association might be obesity-dependent. Further prospective large-scale studies are required to confirm this finding.
